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Introduction
Capillary gas chromatography (GC) with an electron capture detector (ECD), or a mass spectrometric detector in the selected-ion monitoring mode (MS-SIM), provides the best specificity and selectivity for trace analysis of polychlorinated biphenyls (PCBs) in various environmental and biological samples [1] . It is known that the ECD response to PCBs is dependent both on the number of chlorine atoms present as well as on the chlorine substitution pattern on the biphenyl skeleton [1, 3, 4] . Owing to very poor reproducibility, published responses and response factors cannot simply be applied for calibration under various instrumental and working conditions. Therefore, the ECD response to PCBs must be calibrated prior to GC-ECD trace analysis. As there are 209 PCB congeners, it is a time-consuming and expensive task to carry out such calibrations using the full set of congeners on a daily laboratory basis. For this reason, quantitation requires secondary standards or certified PCB standards available to the many analysts presently involved in PCB trace analysis. An acceptable solution for calibrating responses for 203 of the 209 PCBs was published by Cooper et al. [2] , who used a mixture containing 31 reference PCB congeners, each of which representing a group of congeners with similar response factors. A similar concept was proposed by the Canadian Marine Research Institute where 51 PCB congeners are used [5] . The specificity of GC-MS-SIM analysis of PCBs is excellent with regard to the number of halogen atoms and the relative molecular mass. However, there are problems of distinguishing isomers because of lack of specific masses, corresponding to the isomeric structure in the fragmentation pattern of the spectra. For PCBs the most important electron-ionization, mass-spectra feature is the molecular ion cluster (M+). The ions selected for MS-SIM, PCB monitoring represent the most abundant peak in each of the M + ion clusters. The application of the GC-MS-SIM method for selective trace determinations of PCB congeners and total PCB content, requires calibration of MS-SIM responses. A mixture of nine reference PCB congeners was used for the calibration of MS-SIM mean responses of isomeric groups, using a computerized capillary GC-MS system [6] . Individual response factors within an isomer group, however, varied by a factor of 1.16-2.15 [1] or 1.3--4.6 [6] , which is almost unacceptable for trace GC-MS-SIM analysis.
In a previous paper [7] we described a new procedure to derive, from any technical PCB formulation, a secondary reference standard mixture suitable for calibration. The aim of this paper is to report experience of those secondary reference standards for calibration of ECD, MS-TIC and MS-SIM responses.
Experimental Gas Chromatography
A HP 5890A gas chromatograph, equipped with FID and ECD detectors was used (Hewlett Packard, Waldbronn, FRG). GC-FID and GC-ECD chromatograms Were recorded and evaluated by a HP 3393 integrators. Separations were performed on a 50 m x 0.2 mm i.d. fUsed-silica capillary-column, coated with a crosslinked polydimethylsiloxane elastomer (PONA colUmn, Hewlett Packard). The column temperature was programmed from 180 ~ at a rate of 1 C min-. The detectors were maintained above the final column temperature: FID at 300 ~ ECD at 320 ~ respectively. Helium, at a linear velocity of 40 cm s -1 at 180 ~ Was used as carrier gas, and nitrogen, at 100 ml min -1, as make-up gas for the ECD.
GC-MS
A HP 5890A gas chromatograph combined with a HP 5970B MSD was used for total-ion-current (GC-MS-TIC) and selected-ion monitoring (GC-MS-SIM) (all isntruments Hewlett Packard). The GC working conditions were the same as those given above for GC-FID and GC-ECD. The GC-MS interface was kept at 250 ~ the electron energy was 70 eV, and the electron multiplier was operated at 2200 V. With GC-MS-SIM, the following ions (m/z) were monitored: 188.00, 222.00, 255.95, 291.90, 325.90, 359.85,393.85 and 429.75 dalton, with a dwell time of 45 ms each. With GC-MS-TIC, mass spectra were scanned from m/z 50 to m/z 480 every second.
Samples and Sample Introduction
Samples of technical PCB formulations, both for GC as well as for GC-MS, were diluted in n-hexane (5 btg m1-1) and injected using an inlet splitter operated at 280 ~ with a 1 : 100 ratio. Aroclor 1242, Aroclor 1260, Delor 103 and Delor 106 were from Chemko Str~i~ske (Slovakia). 
Results and Discussion
In a previous paper [7] tions by GC-FID [7] . To identify peaks in these chromatograms, systematic PCB numbering according to 13allschmiter et al. [8] was used, as described for GC-FID chromatograms [7] . The very good agreement for the corresponding chromatograms, obtained by from Aroclor 1242 and Aroclor 1260 with GC-FID [7] and GC-ECD (Figures 1 and 2 ), allowed straight forward Correlation. Knowing the major constituent composition of Aroclor 1242 and 1260 as previously determined [7] , mass responses (R), mass response factors (RF) and relative mass response factors (RRF) were calculated for the major PCB congeners found in Aroclor 1242 and 1260. The results are in Tables I and II, respectively. For comparison, RRF values were recalculated from the data published by Mullin et al. [4] and Cooper et al. [2] and included in Tables I and II Consequently, the responses determined for overlapping congeners, including isomers, by using technical PCB formulations are more realistic than mean reSponse factors determined from single standard reSponse factors. The composition of overlapping congeners, differing in the number of chlorine atoms, was determined by GC-MS-SIM (see below). This, however, was not considered in Tables I and II , where for all Overlapping peaks only one RRF is given as determined from the detector responses and the corresponding contents in Aroclor 1242 or 1260 [7] .
Calibration of ECD
Comparison of corresponding measured and published RRF values in Tables I and II shows reasonable agreement in many cases. However, in both Tables I  and II relatively large differences between corresponding RRF's occur when peaks overlap. In these instances it is not feasible to tabulate ECD, RRF data for individual PCBs. Figures 3 and 4 show chromatograms for Aroclor 1242 and 1260, respectively, reconstructed by computer from experimental data. The chromatographic conditions Were again similar to those published for the separation of these formulations [7] . Comparing the chromatograms obtained by separating Aroclor 1242 and 1260 With both GC-FID [7] and GC-MS-TIC (Figures 3 and  4) , very good agreement of retention times and chromatographic patterns can be obtained. Since in all Cases equal amounts of PCBs were analyzed, compariSon of the signal-to-noise ratios shows that the sensitivity of both the FID and MS-TIC for corresponding PCBs is practically the same. Tables III and IV, respectively. From the data in Tables I to IV it Figures 3 and 4 with Figures 5 and 6 shows a very similar chromatographic pattern but the signal-to-noise ratio is much higher in Figures 5 and 6 since the sensitivity of the MS-SIM technique is much higher than MS-TIC for PCBs. Time (mlm.) 7-10. In the electron impact mass spectra, the most abundant ions correspond to even masses in the molecular ion clusters (M+), followed by M+-C12 Figures 4 and 5 that the co-eluting PCB isomers cannot be resolved. Co-eluting congeners, containing fewer chlorines than the monitored congener, do not interfere with the measured M + ions produced by latter. Fragment ions produced by co-eluting congeners containing a results published by Gebhard et al. [6] , relative to chrysene-dl2. Table VII compares minimum counts, amounts and contents corresponding to a signal-to-noise ratio of 3 : 1 as found by analysis of 2,2', 3,5'-tetrachlorobiphenyl (peak No. 44) using on-column injection. From Table  VII it follows that ECD is the most sensitive detector for PCBs. MS-SIM detection is also applicable although its sensitivity is about ten times smaller than that of the ECD. Negative-ion (methylene chloride and/or oxygen) chemical-ionization, mass spectrometry might be used to advantage for trace PCB analysis because its sensitivity approaches that of ECD [9] . Calibration of this technique is the subject of further investigation. Table VII also shows that FID and MS-TIC are not sufficiently sensitive for trace analysis. The validity of the last is, however, relative as the data given in Table VII were calculated from non-smoothed signals. It is likely that the use of suitable smoothing can improve the signal-to-noise ratio to such an extent that even FID and MS-TIC can be exploited. This subject is currently being studied at the Analytical Chemistry Department, CHF STU in Bratislava and will be published separately.
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